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Abstract Sampling Approach
Hydrothermal features provide a unique and extreme environment that 
can act as a proxy for studying both past Earth environments and similar 
environments of interest that exist throughout the universe today. 
Yellowstone National Park (YSNP) contains more than half of the world’s 
hydrothermal springs; over 10,000 features in all. As waters flow out of 
hydrothermal features they cool, evaporate, and interact with the air. 
This can result in significant changes in water chemistry as the 
outflowing waters move away from their source. Outflow samples were 
collected across Yellowstone’s entire geochemical spectrum to further 
explore the chemical variations in the waters as they moved away from 
their effluent source. Variations in the major and trace element 
chemistry of the water samples were analyzed using IC and ICP-OES 
analytical methods. Results indicate a number of significant trends in 
major and trace element concentrations across multiple sampled 
features. These trends reveal information regarding inorganic deposition 
of the mineral sinter along with potential metabolic uptake of metals 
from microorganisms living in the outflow streams. These trends shed 
new light on the Yellowstone hydrothermal system’s unique 
geobiochemistry along with geobiochemical implications in the greater 
context of both the Earth and other planetary bodies throughout our 
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Introduction and Objectives
• Hydrothermal features in YSNP have an extensive array of chemistries
- pH from 2-10
- Wide range in major and trace element concentrations
• Despite numerous geochemical studies, there are only a few studies which 
have shown important chemical variability as a function of distance from 
the hydrothermal springs source [1-9]
- Decreases in temperature with distance
- Increases in dissolved oxygen with distance
• Transition metals have been deemed particularly important in metabolic 
uptake [10,11]
- entire microbial communities of life in hydrothermal features  [12-14]
• Primary objective of the research is to expand upon the knowledge base 
established by past works while also searching for significant elements that 
could act as indicators of the processes operating in hydrothermal 
outflows.
• Hypothesis: variations in the water’s physical characteristics will 
manifest themselves in changing concentrations of metals, due to redox 
reactions proceeding within the waters as they move downstream from 
the hydrothermal feature’s emergent source. 
Methods
Field Methods
• Water samples collected with syringe by suction directly from the source  
- Filtered with nylon 0.1 µm filter
• Two samples collected at each location 
- Major anion sample was unaltered
- Major cations and trace elements was acidified with 6M HCl [11]
Analytical Methods
• Samples analyzed at University of Wyoming Geochemistry Analytical 
Laboratory 
• Major cation and trace metal concentrations were measured with a Perkin 
Elmer inductively coupled plasma optical emission spectrometer (ICP-
OES) 
• Major anion concentrations were measured using a Dionex DP ICS-5000
Error Calculations
• All features’ source samples were analyzed in triplicate 
• External standards were used for quality assurance
• Measurement error was determined with 2σ for triplicates















Compiled USGS Data USGS Amphitheater Spring UW Amphitheater Spring USGS Spitting Cobra UW Spitting Cobra
USGS Chocolate Pots UW Chocolate Pots USGS Echinus Geyser UW Echinus Geyser USGS Perpetual Spouter
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Results and Interpretations (Cont.)
Conclusions 
As water flows away from hydrothermal features analyzed in this study, a 
variety of trends have been observed.
• No significant change (most common)
- Interpretation: No surface processes acting on concentration
• Increasing concentration of constituents
- Interpretation: Evaporative loss occurs
* Volatile elements decrease in concentration with distance
* Non-volatile elements increase in concentration with distance
• Decreasing concentration of constituents
- Interpretations: Metabolic Uptake and/or Mineral Deposition 
• Which process drives changes in concentration is a function of water 
chemistry and if outflow environment can host microorganisms 
Echinus Geyser




















































Distance (m) Mg Si Na
Interpretation: Echinus Geyser 
displayed some of the most 
diverse trends out of all of the 
features studied. Figure 4a 
displays shows a trend in major 
anions that can be attributed to 
outflow mixing. In figure 4b As 
and Fe decrease significantly in 
concentration down the outflow
indicating possible surface deposition in iron hydroxide. Si, Mg, Na, 
and Be all display a similar trend that can be attributed to 
evaporative cooling (figure 4c). Variations all elements could be in 
part due to subsurface mixing of fluids.
Steep Cone
Interpretation: Between the 
effluent source and 1.8m down 
the outflow, there is a drop in 
Si, Na, K, Li, and B. This is due 
to deposition of the silica sinter 
on the surface, which is the 
primary mineral that creates 
Steep Cone and other similar 
neutral chloride hydrothermal 
deposits throughout YSNP. 
Interpretation: For all of the 
elements analyzed in Sulphur 
Spring, there is a systematic 
drop in concentrations from 
20m to 30m down the 
outflow. This correlates with 
a drop in silica and 
potentially the deposition of 
silica sinter. 
Interpretation: In accordance 
with findings from Wu et al. 
2013, we found a significant 
decrease in Fe moving down 
the outflow. This decrease is 
from metabolic uptake of Fe by 
bacteria and the deposition of 
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Figure 1: SO4 vs Cl Plot for all samples features in YSNP, table significance [15]. complied data [1-9]
Figure 2: Map of sampling locations within YSNP
Figure 3a: Fe and Be trends compared across Chocolate Pots' outflow 
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Figure 4c: Fe and As trends compared across Echinus Geyser’s outflow 
Figure 4b: Mg, Si, and Na trends compared across Echinus Geyser’s outflow 
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Figure 4a: Cl, SO4, and F trends compared across Echinus Geyser’s outflow 
Figure 6a: Cl, SO4, and F trends compared across Sulphur Spring’s outflow 
Figure 6b: Al. B, Ca, Li, and Si trends compared across Sulphur Spring’s outflow 
